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[ja.^=] 

£ #7lS|<X °ms)±= HM3» ^H^SHX ifl«-5]S.S ^SHr^ olc^ 

A-^ cijolBl ^e}-o] d>^1^- #7>A]^ JL^SHHS °HJ3 O.3. cflolE^ «a^«l-o> ^ 

nflSLEl Xl#S>7l ol# <^fl -g- ^ ^-*)-^cq e^-ol^ofl^^- § 

iJofl^H *7lSl«H uf^o) cflol^fi- <^«Hr #714) x1s.e1 5&°H, # 7 1 0lHEi7> S3 

* ^1^^ sM^H^s} #^oiixll- 3#*Kr xll efoi^i^i «j xi i 

^ c-ii oi e) AE S « Ai^oj 5^oi^i ofl^sq. ^ofl^-i- AA 3#*Hr XI 2 eM^^ 

X|2 t^^l" #^*>7l HHE^HS.* «1 3*1*8 ^"71 XU #71 5) 

^71 #^-#^31 HH^^H ^5]^ ^! OHEiS}- #^#^^ #^ofl^H ^ % S) fe- 

Xl2 c-flolE-l* <*e).oUl?l^ XU 2fl*1^2; #7l XI 2 #^^°fl #71351-1=-, ^7) XI 1 2fl*l^ 
^■ofl <gel-o]^ Xll ^ X|2 HH&I* Xl^^l?! Xll ^ XI 2 <gB±9l #3*Kr XI 2 2fl 

^7l XI 2 #^€^1 #7l5l£^- ( #71 XI 2 cflolElofl ololA-1 ^^5]^ Xl3 cflolElSl- 
XI 4 tflolE^l- ^^<?]Al^l xl 3 £ XI 4 ^^KlUM^* #^*Hr X13 2fl*l^#; ^ ^71 XU tfl 
*1 XI 4 ^l^M&l* ^c-flolE^ SE±r t^cflolBls. ^*>^ #^*>7l ^tt 0 ^W^ 
ej.o] c^oitH* ^l^Rr #7^ XI S. 3 #*1* Xl#*V^-. 

5. 6 
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c-flo]Ei ^b}o] p>^lol -Q^Q s-7l^ *flJ£E| ^{SYNCHRONOUS MEMORY DEVICE FOR 
ENHANCING DATA ALIGN MARGIN} 

^Hfl7l#ofl ^7]^l nflJSL^ 2 WlS H^Wl C-flojEi <^ 3^ 3} M-^tfl 

5L2^r £1^1 C-flolEi <^^3^ ^-^-ar M"^^ E^-olnJ £> 

-£3£r #afl7l#^l -^71^1 nfls.^ ^-^o) 4 alB ^sfl*l cflolE^ ^t^l- M-E^-vfl 

514^r 513°fl tflolEi ^t^*] ^.g. u}Eftfl^ H}olnJ £ . 

5L5^r 5L4<>fl C-Ho]E] o^y^cq Jg-^V^ ~-;^-g- ufE}-^ E^ n J 51 • 

-£6^r ^^^1 c^lcH] S. 7 l^ ^1S.E] 4*1 H H^^fl^l ^1 &| 

517^ £6^1 nflolE^BSW. a^^l- u}Efvfl^ #^^5L. 

eg*, cyofl c A ]^ cflolE^HSti. C^H^ ^AHl-i- u)-E>^^ S\ . 
5110^8: £6^1 ^^^^1^ D >^1* ^vflfe E^l^. 
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211 - 213, 221, 222, 231 - 233: Bfl*l 
ND1 ~ ND4 : Ml:E.7llol H 
N0R1 : h^o] 711 °1 B 



<is> a. ^ o. ^. 7l ^i ^ofl ^ ^JlS., HH^» HeJ^Hpre-fetch)^ 

ifl^ ^ol«-«-o. S ^fsfr ^t^Jf^ c-flol^ «ge].oi n>^I (align margin)^ 

<16> UJ-c^ ^Sfi) #7><4 C-H-O^ n ^512} Tjl^f^ A^L 

7fl^S)^ ^ #^7171 °H5L^^3 SJ^MH ^<H*l^r #^T*r ^7l£)o| 

^4% V ^ 4i3 ^7l^i (Synchronous) "flssl #*l7 r ^^^^cf. 

<i?> ^ 2flo]-£ 3}*. fi]«-s.«-E^ #^ ^ ofl^i (rising edgeHl ^-713 

o] ^>M-^ dlojEi ^oflAi #-1lo} zj^ ^uj.^ c^olEil- <g#^«Hr °1^«V 

SDRCsingle data rate) ^7^ nflS.e} #*Mtf. 

<18> HEiM" SDR ^-71^ DflS.e| ZL^ -g-*M: -9-^}^ Al^Efloj ^xrs. v}^*} 7 }°\} 

^ oH 45} <5 r i4^ #J=- Jf 7fl o} ol Ei 1- *iE)<irKr <?] 

(DDR, double data rate) %-7}±\ nflS.E] #*l7} ^^^4. 
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<19> V]V)<£ ^71^ nflSSl ^]9\ A HH^l ^-^H #^ ^ 

ofl^Krising edge)^ ofl^(f a ii in g e dgeH ^7)s\°] ^^^.S. -f- 7fl^ ^0^71- 

«>, ^rSHr-I- SDR ^7^ ^-^1^1 wl^H ^ 

^ ufl o^o] cfl^^(band width)* ^ n ^s- ^s^o] ^ 7>^}-£f. 

<20> ZL^cfl, t^<£ nflae) #*HH^r ^ 7flSl t-fl o] E^ # *1 #3 ^7H^ ifl^TlM- ^ 

o^i^o) §1-71 nfl-^ofl, °1# jL^f^O-S. ^*J*l-7l ^*lH^r ^Efl^ ^7^ oflSL^ #*H^ 
A>-g-5^1 oi^ cflolEi «<H^ A}-g-i§- ^7} <£r±. 

<2i> o>ot ^7l( C ycle)7> lOnsec ^HB^ ^ ^ *} 7 oM^ 0.5>4=2):4 zl 

^sn-i; ^^V a1?_V ^3.05. ^ 6nsec ^1*>^ ¥ 7fl^ cflo] 

^ol^S., uflJSLE] S>1^S. ClM^* vfl^.vfl7lt+ #^ eH^x] *J # 

^<Hl^ofl^ C-flolEil- <y#^*l 7} 31, ^^S. ^1S.E1 ^^1^ W°fl*H 

71^1^ 7flS] C-flo]EiS ^El€4. 

<22> 4^ ^12- 3 ^*HH Ml-r- s^ojoa AS ^^M-, 5L^°J^^1 

^ HH^I* 12^3. #^*V7l AflS^ dioiEi <>H1^ « 0 V^o] ^^>C]-. 

<23> OH- ^12-^ ^1^1 ^ojE] ^W^tt ^^1^1 ^ ^<H1^1^1 -^71^ 2 

tilH(bit)^ C-HojE^ll- HEl^^^Jl, ^H^H ^+q)o)B\ SE^ #^dlolEi 
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<24> $\o)t\ <&%%«\ EM'S* =f.^ 7 ] ofl o] E^ -J <g ^ afl cfls.^^- 

*1 ^1 ^^^^^"^(CPU)^ ^l-^ €-^^£1 (control lerHH efl°l e^ ^Jl<4 ^-^ ^He^ 
es.a.(data strobe) ^lJl(DQS)7> <y^4. 

< 26 > £1^- ^JUg, %-7)M oflS-E) 2tilS B.^^*} cj] o] E-| ^ % V] 3S) 

^}Jl(DQS)£| aM^Hl*^ #^^1^H1 eH^S^Cdsrp)^ #^^^(dsfp)# # 

%a>\±= cfloiE-liSs.ti. t^Jfsf, c^oiE^« sq«-s.«-El tfloiEi H^I-t-^, 

^ol^4^( dsrp )ofl g|tiq dlojE^ w^Jfc^ cfloiEKdata)* efl*l*Kr 3W3afl*l*h 

#^^^(dsfp)^l sjafl t^Jf^ #^5]^ cflolEl(data)» 2fl*l*Hfr €^2fl^l^, # 

^^(dsfpHl eH^sfl^HH #^3^ tiHElAlJr(rising_data)l- sfl^sV^ #^a]^i 

#^Hfl*HH t^S}^ #^c-flolEi(falling_data)^ <*5K] #^ c-fl o] E^al ign_dr)l- ^ 
c-flolE^ Ej- ol^, <£^<?1 #^c-llolE^(align_dr)^ §^5fl^^ ^ cflolEi 
(falling_data)l- ^^%°> ^ ^SS J^lJKdata.strobeH -g-'tJ-sH ^l-^ ^ v *l^ ^^S. 
^ djolEi c-HojE^ f^Rr ^#3^ ^eM^l- ^Wl*VtK 

<27> J= 2 ^r JEl<Hl C-flolEl Ol^tf|3Jl^ M-B^vfl^ E}o]nj £ oll4. 

<28> o]v\ 511 ^ £21- 2*1 HI- SEl3fl^l^r>^ t\]°]t\ oi^tH^^ ^J-i^cf. 
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<29> £21- ^-2:*H #3(CLK)Sl 4°l ; 3 0 fl*14 f-%ofl*H CflojEi 

(DO - D3)7> °g ^ S] Ji , cflolE^V <^£^ E}°l n <Hl SH^°1 $l°)^±S.3.*\ a]^(DQS)7> 

<30> ^olE-liSSti ^lJl(DQS)^ ^tf^Hfe- SH^^^i -f}*l Jl &t}7}, C-flojEi 

7} ^^S]7l *b #^3H S.-T- sfl^^ -f}*l*}fe =sl«gl-(preamble)'*^^>H HM^7} ^ 

E|-o}n olo fl 44^ # a} 39347}, cflolE) 7 } 5.^ 4^ t}*l ^ ?1 # 

3 i^H^l-(postamble) #efl» °-xl*>4 7 } 4*1 *M ^* ^1^1 €*=}. 

<3i> c-HolE-l^HS.^. tH3 sM^^^H oj^fl ^Hlr^l^tendindsH ^*fl 

ol6flol^-S]ol C^olEliE^ti. aIJi(DQS)^ 4 0 l^ 0 fi*Hl A i ^^EfiS. #^3^ B}ol^^i 
(dsrp)s}, tflolE^HS-ti. ^]Jl(DQS)3 #*g41*l ^i^S. #^3^ #^€^(dsfp)* 

<32> o^a^ Ej-oj^sfl^^ ^1 ^o]e^4 ^13 ^613 (DO ,D2)« 4 0 l^€^(dsrpHl 3«fl 2fl*l 

*M s}ol^c-11olE^(rising_data)S #3^=}. °1<>H SU^lfe *fl2 HH^S} *fl4 
(D1,D3)« €M^(dsfpHl 3*fl Hfl*]*}^ €^c-flolE|(falling_data)# #3*}^, 
cflolE-1 <i4<y^ 4 0 l^^l°l^(rising_data)l- ^^(dsfpHl ^*fl t}*l 2fl*l*H ^A9l 
cllolEKalign_data)S. #3^4. <*|7H oflc^ <£4W^r seW^S € 

^3fe 3M33 ^4^* fl* 3°lt}. 

<33> <>H A i -sS^I 0 Jt^^°J ^e}°ltH^ ^H-t- ^H^JtL^ls(data_strobe)°fl -§-#*H 

°13M3(align_data)3- E^fal 1 ing_data)» #5.^ 2}^1 (Global I/0H €W 

711 £4. o]*. til <y^^4oiofl o] 7 }3 HH^tt 4jU^H°l| 3*fl A 
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<34> ZLEiM- 1&3E.X1 ^17> c| Jl^-sq^ X].E.e| ci 

<35> £3^ ^efl7l#o 1 l cq*V Jg. 7 lAl nfla.^ ^ 4 a lH ^4*1 c-l)olE-1 ojB^^ 

<36> £ 3 -g- ^71^ ^12.5] 4*1 H. H^2fl^ B}- 

<XS <3^Xl ^^tt ^oHoll:Ai^(en_dinds)ofl £]*fl ^XHl-sM tiMEi^e^.* 

^IJl(DQS)^ ^o)^6\)x)2}- ^d)}x\d)} 7^ eH^^(dsrp4)£}- #^^^(dsfp4)l- 

*^s>^ c-flolE^E^t! tH^if(190)^, efl <X E-1 1- 5>1^5.Jf E^ <y ^«Hf tllolEi^^ Jfdoo)^, 
E]-ol^€^(dsrp4)Xl HM^ tJ^Jf (100HH #33tt tflolEl(data)l- 2fi*l*><X XI 1 

o 1^3H^(rising_d0)S #^*Hr XU efl^KllO)^, XI 1 ^ (rising_d0)» # 

^€^(dsf P 4)ofl o^fl Efl*l*H XI 3 ^sj-^lcflolE-Kaligrudrl)* #^*Rr XI 2 eJ-ol^J efl*l(120) 
sq. f e}-ol^^^( dsrp 4)oll °^fl XI 3 <^ < y3HEHalign_drl)-& 2fl*l*H XI 2 £}-<X^^ 
(rising_dl)* t^s^ XI 3 bM3 efl *l(140)ah XI 2 2^131 HH^l (rising_dl)* 
(dsfp4H Sl«l| efl^sH XI 1 ^tl3M&Kalign_r0)-I- *^*V^ XI 4 efl*l (140)^, # 

^i(dsfp4)oll ^*fl c-flo]EitH3il^-(l00)XlAi tiME-Kdata)* efl*l*M XI 4 

°lE|(align_dfl)S. #^*Rr XI 1 €^Hfl^(130)sf, X|4 ^hKIiX °1 ^ (al ign_df 1)# 
eM3J^>i(dsrp4)X| $m 2fl*l*}<X l-^^olE|(falling_dl)# #^*Hr XI 2 efl^l (150)^, 
€^efl°lBl(falling_dl)l- €^(dsfp4)Xl Bfl*l*}<X XI 2 <£^9l ^l 0 l^(al ign_df0)S 

#3*Hr X|3 €^2fl^l(150)^, XI 1 X|4 I^XH^ 

(align_dr0,align_df0,align_drl,align_dfl)l- °J^^> vfl^ iBS Ji^l 3L(data_strobe)Xl -§- 
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(gid_od0,gio_odl)5. #^*Rr =-2H*Kl80)» 

<37> £ 3 o11 5.X\Q c^olEi ol^^S]^ M-Efi^^ SO] T=K 

<38> o)*} £3 ^ £4# 4«1B« H&]X|*l*Rr cflolEi Oje^j^ ^.g. ^M-Cf. 

<39> oj*] £41- #3}iL^, #^(CLK)^ eW 3X1*1^ 1-^X|*H ^-7ls)<X 

(DO ~ D7)7> <a^=1jl, c^olEl7> bM^XI DflolE^BS.Wl ^1Jl(DQS)7> <£<3 

<40> c-floiEi^HSW. u^-sf (190)^- sMB^igoH ^*fl ^^slfe ^XHl-^lJlCendindsH 

Sl«fl ^XHl-s^M cflolE^HSti. a]Jl(DQS)^ ^^^Efl^. #^5)^ s^-ol^^ 

^(dsr P 4)^-, cflolE^HS-ti. ^l^(DQS)^! ^^Efls t^^r ^ ^(dsf P 4)l- 

<4i> ol<^Ai *fli Ej-ol^Efl^(no)^ XU.3,5,7 XMeKD0,D2,D4,D6)-I- e}-<X ^ €^(dsrp4)Xl 

sl«fl efl^H Eq-°l^^l°l^(rising_dO)S. #^tb4. 

<42> o] c>|a^ ^2 bH^^K 120 )fe #^ ; ti(dsfp4)Xl ^l*fl X| 1 Bl-ol^c|lolEKrising_dO)l- 

efl*l*H XI 3 < Me}- < ?!3HEi(align_rl)* XI 1 #^2^1(130)^ l-^i(dsfp4)X| ^ 

*fl X12.4.6.8 cflolE|(Dl,D3,D5 ( D7)# Efl*l«M XI 4 «aBKlXMiM(align_fl)3. 

<43> <X<X*1, 7fl3 efl *l(l40)fe BM^^Cds^XI ^sfl XI 3 dH^Kal ign_rl) 

#'2||*1SH XI 2 eM^XMeK 160)5. X12 €^2fl*l(150)Tr 2}<X^^(dsfp4)Xl ^ 

*fl XI 4 ^eJ-«?!cfloiEKalign_fl)-a- €U Hl<Xel(fal ling_dl)S. #5^£h 
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<44> o]o]X\ ^4 e^ol^iEfl ^1(160)^ l-^^(dsfp4Hl ^*fl ^2 hHe] (rising_dl)» 

sfl*l*M *fll < M^^cllolEKalign_rO)S ^3 Efl*l (170)^ l-^€^(fsfp4)°ll ^ 

sfl ^^d]olEi(align_dfO)» efl^l^V^ *fl2 ^eKl HH^(al ign_fO)S 

<45> o^Ai #5.^ oi^ej-o] ^ e^-oj^dso)^ ifl-^- ^HS.^5L(data_strobe)°fl 

afll ifl^l ^14 < ^5l- < y3HE-Ualign_dr0,align_df0, al ign_drl,al ign_df 1)» *Hr3H^ 
(gid.evO, gio.evl) 5E^ ^ $}°}&\ (gid.odO, gio_odl)3. ^l^eKl (Global I/0H1 

<46> £4^1 y}^ ^-o] ^HS-ti^l5l(data_strobe)7> ^#^2^ ^^ 0 1^ 

(180)^1 ^^sjtfl, zl nfl <ge}-<y£H <y^3fe XI 1 *fl*l XH ^e^l^H^ 

(align_dr0,align_df0, al ign_drl,al ign_df 1)» #5.^ ^ #3 ^ (gio H^^)^ ^t^Tfl 3 
^ 7^o]v)-. AAA <y#^e|-<y AS. ^e|<?]^ 4«1H^ clM^S wj-s^ ufl^-s^cg^o. 

S ^^*>7l flSJMfe- vfl«L ^HS^JUdata.strobe)^ X^Ui ^#^5}°] 

<47> 5L5tt £4^1 4^1 HI- HS^l*}^ 31 ^tH^ -g^)^ AAr^TT Bfo]nJ 

<48> v\}2_?] #*HH e)-^H^^ 0 l cHo]Ei7> E}oluJofl tt)-E}A^ °1 ^5] 

^olEi^BSy. ^IJL(DQS)^ (WL-0.25)>*CK - (WL+0.25) *CK^ ^>^1* AA^- °^°1 . 
^7)A WL£r &MH 311 °1€ ^(Write latency)* S^r 7jo S e}o]H^^^7> <^*1 ^ 
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<49> nJ-BH c||o1e-17> <^s1tt Ef°l n oHl <& % s\ ^ c-fl °] b\ iB^u ^s(DQS)^ ^ 0.5t(M 

7HJ1 <g^s|fe ?Mt}. *Y°} WL=1 o]^,. ofls.El ^17> ^^sfe 
^ B-HH^^V ojsJsJ ^ofl 0.75HCK cflo] E^E S ti ^3L(DQS)7> <£j ^ S] Jl , i£*V 

^ ^7i°fl^ ^°lH^^^i7> 1.75HCK °1^M1 ciH^BSJi ^^(DQS)7> 

<50> £5ofl s_X\Q DQSl^ sHH^<H7> 341 0.75>tCK cflo]E|>iH 

^IJL^ M-Ej-iflfe ^H^, DQS2^r sj-°lB.^^^7> 1.75HCK ^l^l 

<5i> tcfe}-^ DQS141 Hfl^m 3H£i(D0,D2,. DQS2«fl Hfl*l€ dH £i (D0,D2, . . )^ 0.5X 

iHS.ti^lS(data_stobe)^ DQSl^ DSQ2°fl ^ojE^V f-^fl ^.sRr ^-*H1 aV^ 

<53> ^71^1 v\]3-?] ^*HH cHojE^l- <a^«>ol. <^E}-OUlZ] ^ ol^ P^o] 0.5HCK 

91 %°)^. ^ 500MHz5L -g^}^ #*HH ^7l^ tCK=2n7> S^c-fl, o] 

nflo] dlolEiAE^a ^15l(data_stobe)7> ^ 9Xtt *}^£r l.OrH ?A°]^. 

<54> o] ^-f ufl iBSti ^^(data_strobe)^ ^ ^ ^3** ^ , ^ iHIB 

^IJl (data_strobe)£l 0.5n ^J£#°fl 3*1 &°\*\ <£r%9l& HH^* vfl^ 
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<55> nil 2.^ 3^3 c-1 ji^sl-^oil aJ-aH uflJjL ^HS.w.^S(data_strobe)^| 3 

<56> ^- ^-tg^. ^- 7 lo) -^Xl^ n^Z}7] #n ^S, #S]Xl %-7}S\o] <^ ^S]if C-fl 

o]Ei# ^S^H ^^Hrtfl <&o]*\2) xj\o)B] <^S}o] pV^I* ^7>Al^ Jl^iH-cHl 

^£ ^3^3. C^olEil- °J^W>o> ^E]§ ^ ol^ ^11- Xl^* -=-^.2_3. 

<57> #71 2} «fl^*V7l ^«fl, ■& ^"t^ S^o] ^ 6j| 7) ss}- 3.^X1 *H ^SH 

Cf^^) Oil °1 ^ ♦ ^ 3 ^ *7] *] XI 2.5] oil *1 , A <M tj| o] 7> °J ^ Si El-ol nj 6fl 

#^?j£l^ C-flolE^HS-a. ^IJM" *T>£*fl 0 ,J^=i Xl ol El Aljro] e}c>l ^ 

°fl*l^ #^<«S ^ ^**Hr XU el-oRl^i £ XI 1 *Hr#*fl cflolEi 

iE S ti Aljro] e}o] ^loii^i^- ^^ofl^ll- zj-zj- zj#*Hr XI 2 Ef-oi^^^sf xi2 l-^^l- # 

3*}7] W C-HolEi^BS.^- ^\ #71 XU #^^Xl ^-71 S] 2^-, #71 ^-#6} 2] 

El-ol ^ oil ^1 oil <^S|^ XU cflo]E^ #7l ^^$>\ ^Xl^Xl <^^5l^ XI 2 ^2* 

9l*}7}^ Till efl^l^; #7l XI 2 #^^Xl ^sls.^-, #7l XI 1 sfl^^^l <ge}<X_€ XU 
3? XI 2 3H£l» XI £3^1*1*1 XU ^ XI 2 <i 3H^» #^H=r XI 2 ^14^; A o v 7l Xl2 
#^>iXl ^-71 S] #71 XI 2 cfl^lB^l o]o]*) <y^s)^ X13 XU SH^* ^ 
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<U*1 ^ ^3 ^ *fl4 ^e^l^H^* f^sRr *fl3 efl^l^^; ^ ^7) *U ifl^l ^14 'M^HH 

«l*Hfr ^7l^ oflS.^ ^11- afl^t}. 
<58> ^ ^- 5}-ol^ofl*l<2}- #^ofl^ofl :§. 7 }£H C^S} ^H^* °d 3 ^ 

^ ^71^ nflS.e) <&o]*], ^7) CflolE^7> S2 3=l*r ^o^J^ ^ajsgj^ E^H S 

^#*H= 41 ^ *fll ^He^BS.*. el-oi^ 

Sti ^7} *fll ^o]^^d\] ^71^5!^-, ^7} m ^o]Ei# 2fl^Al7l^ *fll 5} 

°1^2fl^l; A o V 7l ^11 #^^^1 ^-7l5l£^-, ^"71 *fll ^ol^lEfl^ofl o^fl sfl ^ ^ ^1 cfl o] E^ 

CfAl Hfl*]Al7l^r ^12 e|-ol^Efl^; ^>7l *fil ^7l£]£^, #7] A}2 dH^l" Bfl*l 

^71^7 ^11 #^Hfl^l; ^71 *fl2 #^€^1 ^7l£l£^ ( #7} A]2 Sl-ol^Efl^ofl ^ *fl Hfl *] ^ 
afll CJHEil- Efl^l^l^ A o V 7l *fll ^^-^DllolElS. #^*Rr *fl3 el-ol^lsfl^; # 7 1 # 

^^ofl ^7l5]£^-, ^7] *fll #^Efl*H Hfl^m CllolE^l- ^7} A}2 ^ 

Sl-Olc-HolE^S. ^12 §^2fl^l; ^71 A2 e^-ol^l^^ofl ^7ls] £ S- ( Aj- 7 } ^3 tilolE]!- 

Sfl^Al7l^ ^14 e}-ol^2fl^; Aj- 7 1 *fl 2 ^j^t^ # 7 j ^4 ^o]^^]o\\ 2fl ^ 

c-flolEi^- t}A] sfl ^1 ^1 ^ ^7} *fl3 <M&K131°1^5L f^Rr *fl5 eHl^efl*!; ^ ^ v 7l *fl2 
^-7ls]£S-, <#7l ^14 tH| o] e^ # efl*H^ a o v 7 i ^4 <^El-o]c-11olEiS #^5}^ ^13 
efl^l; ^ aJ-71 ^1 ifl^l *1]4 ^^^c-flolHil- ^cflol^ ^c-flolE^ ^i^^H %:^\7] 
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°}*}, 4-i5}±r 7]<£&°M*\ *)^# 7>^1 7>7> £ ^ 2] 7]^ 

H6£r -g- w>^t!: ^*HH 4€- ^71^1 #^o} 4 u lH a^sfl^ c-flolE^ 

£6^: %^*H "^Ji'S, ^*HH *m ^-7}^ v\}3.Z] 4«1H ^B^l e-JM 

El oj^^ ^^B^o] 5}o)^d\]^]Q]. #^ofl^Hl -^7l£H Cf^o^ c-flolE^l- <^£}^ E^-o] 

-tli(DQS)^ ^oRlofl^S]- ^.xgofl^-g. yjryj- ^#*>^ *fll 5l-ol^^^(dsrp4_l) ^ ^1 
^(dsfp4_l)a)-, *H^*fl c]]olEi^BS«- ^l^(DQS)^ sM^H^ #^1*11- AA 

3#^cr ^12 e^-ol^^^(dsrp4_2)^ *fl2 -f^ €^(dsfp4_2)l- #^*>7l ^ *V tH°] e^ 
t^*- (300)2}-, afll #^^(dsf P 4_lH ^-7l5l£^- %A^%$\ eW^^W *U 
cflolE^ 1-*?H*H A2 3H^» HeKlAl7l^r afll (210)^, ^12 

#*y^(dsfp4_2H ^7l£]£^- efl^l (210 H ^e}^ *fll ^ *fl2 dH^ (rising_dl, 
falling_dl)l- ^11 ^ ^12 ^^<yc-HolEi( a lign_drO ( align_dfO)l- #3*Hr *fl2 

Hfl*l(220)£)-, *fl2 #^^^(dsfp4_2)ofl ^7l£l£^- ^7} z\}2 ^)o]e.]c]} o]o]x] ^S\±= z\}3 ofl 
oiE^sf *fl4 c-floiE^l- <gel-<?]Al7j ^3 ^ *U4 ^B^-<yc11olEKalign_drl,align_fl)l- #^*Kr 
^13 5fl^l(230)^, *fll *fl4 'M^oic-flolEKalign.drO, align_df0, align_drl, al ign_df 1)1- 

^^olE^(gio_ev0, gio.evl) ^ (gio_od0, gio_odl)5. ^^V<*l %%^\7\ 
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<62> se^-, X| i 2fl*l(210)£- XI 1 2H^s)i(dsrp4_lH ^7) <#7] XU 3H^# Efl^l 

XU 5f°l^Hfl ^1(211)^, XI 1 #^^^(dsfp4_l)°fl -^7l^£^- X| 1 5|o]^2fl ^(211)oll 

Sl«fl 5fl*l^ XI 1 cflolBll- cfA] efl^Al^l^ XI 2 *£M3)2fl*l(212)sh X]l €^ €^(dsfp4_l)°fl 
^7l£)£^- ^-71 X12 Efl^Al^l^ XU #*8efl*l(213)# ^al^-cf. 

<63> 5E^, X) 2 efl ^1(220)^ XI 2 ^i(dsfp4_2)^l ^-7l£]-£S. XI 2 ^ sfl^l (212 H ^ 

efl*m XI 1 ^©13* t±X\ Hfl^A]^ XII 9i^°JXHEi( a lign_dr0)3. #^*Hr Xl3 efo}^Efl 
*l(221)Sh X12 #^i(dsfp4_2H -i^lsqjEJt XU efi*l (213H1 ^«fl 2fl*l€ 
cfAl Efl^Al^ xl 2 < M^ < yt-11olEKalign_df0)S. #3*Kr XI 2 Hfl^l (222)# ^1^:4-. 

<64> je^:, XI 3 efl^l(230)-8r Xl2 efo] 3 ^i(dsrp4_2H ^ls]^ Aj- 7 ] xi3 HH^-I- efl*l 
^lrr XI 4 ^H 1 ^^ (231)^, X|2 #^i(dsf P 4_2Hl ^7l5]£^- XI 4 eW 3} efl*l (231H1 
efl^l^ cflolE-11- cfAl Bfl^Al^ X13 < ^°l3H^(align_drl)3. #^*Hr Xl5 eW $ sfl^ (232) 
£h XI 2 #^€^(dsfp4_2Hl ^7l£l£^- #7l XI 4 OH^l- Bfl^A]^ X|4 ^Ej-^cfM^ 
(align_dfl)3- #^Kr XI 3 §^ 5fl*l (233)-fr ^1^. 

<65> £7 o. ^gofl dHE^E^ti. l4E}^^ #^^^io|cf. 

<66> #2:*H #^^-^ ( ^H^HS*! ^^^-(300)^ ^*fl ^^^^ 

aHB€^(wtp)« #^*Kr «3^<H^a^(310)sl-, e}°lB^(wtp)Xl s]*fl ^7l ^3}-2.H.7> 
^^M, tflolE^HSBl -ilJl(DQS)* ©l-g-*H X|l ^ XI 2 eH^€^(dsr P 4_l, dsrp4_2)S+ 
XI 1 ^ XI 2 f-^^(dsfp4_l, dsfp4_2)l- #^*>7l cflolE^HSM. 4«>^c1 

(340)1- 
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<67> c£*V c-1) o] Ei iE S ti t^3l^-(340)^ aj-oj e^i(wtp)« 5-}o] e B flol^Al(\VL)li^ *V#^ 

^j-gr ^((WL-l)>tCK)^:€- ^^(shifting)^ cflolE^HS.*. iqia}olcK340)S #3*Rr 
eflo^A] a] = Bl (320)1- ^ th=K 

< 68 > dlojEi iHia ^5^(340)^ t-flolE-liE^a. Ajs(DQS)!- °J^^ d V w^^^H 

c-HolE^BS.^. ^ti>o]E-l (340)5. l^Kr DQSH ^ ^(330)1- c| ^1^4. 

<69> £8^- 5.7°\] 5.*}Q z\}o}z]^^^w Tjv\o]t}°) M-e}^ S]S.£ol^. 

< 70 > ^S^H ^iL'S, cflolEliHSti. ^tiHt-U340)^ Z^?)^^ fltt 

^ ^^^-(341)3f, c-HojE^HS-ti. ^S(DQS)^ *U 

El-ol^^i(dsrp4_l)l- #^Tr *lll ^-M-*f(342)2h ^He^BS* AjJi(DQS) 

^ *U #^€^(dsfp4_l)«- #^Vtt *I12 ^i^^H-( 3 43)sf i *K^*fl cflol 

Ei^HS.^. aJJl(DQS)^ ^^l^^r ^2 ^ ^(dsrp4_2)* #^*Rr ^13 

-^(343)2}-, c-11olEiiHS.w ^Jl(DQS)^ #*1*}<^ *fl2 4^(dsfp4_2)l- 

#^*Rr ^14 -¥-(344)» ^wlfb^. 

<7i> 519 516<i tflolEi °]aB]s)2] ^^-g- M-B^tt ^o] rg ^o] cf . o]^> £6 

£91- ^aHH nq-s. ^s.^ c . 1 )o]Ei ^3^3^ ^^-c}. 

<72> n}^ £91- ^3-^].^ #^(CLK)^ e^l^l*!^ €^1*H ^ z^o]^ 

(DO - D7)7> <^5H ^o]El^^W- (200)^1 HH^7> B^-olDjofl 

dHEl^HiM Ais(DQS)7V 
<73> t-flolE^HS-tL «-(300)^ el-olE^^olofl o^^fl ^s)^ <?lofloH-Al^(endinds) c Hl 

^«fl ^Ml"^, CflolE^BS-ti. AJ31(DQS)1- ^^H, ^*I*t| CflolEi>iSSti. Ajjg. 
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(DQS)SI 2M3Hl*ls}- #*yXl*HH ^U^BflS. XU e}°l^^(dsr P 4_l)^ XI 2 

#^^i(dsfp4_l)^, HH^BS* -tlJL(DQS)^ ^o}^6\)^}9\- t-^Xl*HH z}-z}- 

<74> ol<^ E}-6i^efl^l(211)fe cflol^Hln|-¥-(200)^|>H #^3^ XMiH(data) XI 

1 c-flolEKDO)^ XI 5 cflolEKD4)» XU B^ol^^i( dsrp 4_i)oii <^sfl afl^^M XU e^l^H^ 
(rising_d0)5. #^4. 

<75> 6\6\*\ *\]2 e^-ol^sfl *l(212)fe XU #^€^(dsfp4_lHl £}*fl XU e^-o] $ ofi o] e] 

(rising_d0)# cM 2fl*l*><X XI 2 eM3l 3M3(rising_dl)5. #^S>JI, XU sfl*l (213)^ 
cflolEitti5|^-(200HH cflolEi(data) XI 1 ^(dsfp4_l)X| ^*fl XI 2 oflo] 

E-KDl)^ XI 6 cflo]Bl(D5)* 2fl*l*H McflolBKfalling.dDS 

<76> ojo^ ^|3 E)-ol^Efl *l(221)fe XI 2 #^ : ti(dsfp4_2)^ ^*fl XI 2 2}<X 3 cfl ©1 ^ 

(rising_dl)* Bfl^l^H XI 1 «a^oflolEl(aligii_drO)S. #^Uel, XI 2 #^2fl*l(222)^ XI 2 
l^^)i(dsfp4_2)X| ^*fl #^elHBUfalling_dl)» 2fl*l*H XI 2 ^^H^ (al ign_df0)S 

<77> ^g, xl4 &M^2J1 *l(231)fe XI 2 ^^l^%^i(dsrp4_2)Xl £}*fl XH^^-^ (200)XH 

#^^r cflolEKdata)^^ XI 3 cflolEKD2)^ XI 7 e} (D6)-& X1*1*}<X XI 2 5}<X^XH&I 
(rising_d2)^. 

<78> ol<>|^ X15 eM^afl *l(232)^r XI 2 €^(dsfp4_2)Xl £]*fl XI 2 sH^XM^ 

(rising_d2)-l- tH Hfl*l^}<X XI 3 (al ign_drl)S #^S}JL, XI 3 2fl*l (233)^ 
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djojE^s] ^(200HH #^^1^ tiH&Kdata^H ^14 *\}°]&\ (D3)^- *fl8 3HEi (D7)« Hfl*l 
*H ^14 <£a}-<?lclH£i(align_dfl)S. 
<79> o}o]m\ #3.^ ^#^£1-^ ^.e^-o]^(290)^ ifl-^ jr (data.strobeH -§-#*H 

*fll i-H^l ^14 ^el-^dlolElCalign.drO.align.dfO, al ign_drl,al ign_df 1)1- *K^H^ 
(gid.evO, gio.evl) ^ ^ dH^(gid_od0, gio_odl)S. (Global 1/0)^1 

<80> £9^1 vfl^ ^BSJ±^lJL(data_strobe)7V #5.^ °J#^^°J = 5^1*1 

(290H1 3. nfl <£z±°±S\o] og^sq^ x%x] *fl 4 ^o] t-fl E| 

(align_dr0,align_df0, al ign_drl,al ign_df 1)# #3.^ ^#^^^1^-3. ^^Tll ^H^. 
n}-eH #3.^ <y#3&Kl*~£- ^5->oi2i 4 «1H^ HH^l* b}ht11 ^^}7] iflJf ^ 

HSl±^Jl(data_strobe)fe 'Y'^^^ ^#^2^1 ^LeM^s #^^c^o> *lcf. 

<81> SLlO^r £6^1 dlo]Ei ^ti^^ C-l)olE| ^5}<y n>^]^- ^-E^Tr E} nj £ . 

o]s> £10-gr ^S^M ^ nf^ cflo]E| ^B^S] $}o]&\ u}7]£r ^^Cf. 

<82> ^^*V H><2}- ^o] ( E|.ol^ofl^^ ^o^H ^7l£]c>| c-fl o] 7} 

, t-flolE^HS-W. ^l^(DQS)^ (WL-0.25)HCK ~ (WL+0.25) H(M "V^-i- 7>^31 

<y^ol £cf. <a)7H WL^g: *£MB 3H€^l(Write latency)* ?A°-3. e}-°|B^<H7> 

<y^s} cflolE-17]- nfl^lsl BM^-i: uj-Efifl^- %°)^. 

<83> Oj-E)-^ Dflo]El7> ^^TT El-olnjofl ^ £) ^ C-fl o] ^ iB S Jd_ A|^( D Q S )^ 0 .5t<M 

^-fr 7>^1ji ojasjH 5Jo]cf. ^, nvot WL=1 ©le^, uflSLEl ^]7V ^-^Hr C^rg 
^ sMB^<H7} <y^s} 3°fl 0.75HCK cflolE^ 
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ilia ^1J1(DQS)7> it^l cf^. o]t£ $i}d\)^ s}o]^^o] 7 } oj^sl ^ofl 1.75X 

tCK o]^.6\] dlolE^HS-ti. ^1J1(DQS)7> <y^^ ^ 5^ 
<84> iioofl £.Al^.DQSl^ sMB^ 0 !^ <a§l€ JfM 0.75HCK 0 ,m£\^ 

BSti Al^l- H-eMtt DQS2^r ^MH^^}- 1.75HCK 

c-flolEiiHS-ti ^ls(DQS)» H-Efsticf. uJ-eH DQSl^l ^*fl Bfl*l€ (D0.D2, . . 

DQS2<^1 Hfl*l€ cflolBl(D0,D2 f ..)fe 0.5H(M 7^5 ^cf. 

<85> <£e}-<~Q€ cfloiEl7> §3.^ °^#^el-o]o.S. "r &M1 *>7l 3*iH*r uflJf 

iHS.ti.^l^(data_stobe)^ DQS14 DSQ2<>11 £|*fl Bfl*l*l 3MB] 7> ^1 ^-H-SVfe = 

<86> 5.*}$. ti>fif ^o] DQSl^ DSQ2<H1 ^sfl Hfl*l€ cflo]El7> #*fl ^--B-^}^ ^Ti^r 0.5HCK 

>§ol ^c|-. r^-EH vflJf iS5.ti.^lSl(data_strobe)fe 0.5>tCK >§ ^Ti^l #3-^*^5^ 

<87> uj-ot 500MHzl ^*H*Rr ^1-2-^ #*1<^ ^#^3 ^71^ tCK=2n°]dl, °1 °fl^ ^ *H°1 

EliBlti ^!JL(data_strobe)^ Df^l^ 3.0n7V ^^1^. 

<88> o)^ ^Hfl7l#ofl>H ^-71^ fflS.iL] ^o]Ei7> ^ 3 <H ^5^0] a] ^ ^ o}^ 

©1 0.5>tCKol^ ?H ^tgofl ^«fl^ Jg. 7 ]q nfl2.E] ^ofl DflolE|7> S3^S)<H <*eJ- 

<89> cflolE)7> °J ^ £l ^5}°] AJZJ ^ ^7}^ 0.3.^ nflS-E} #*l7> Cfl o] E^# 

^2|A1 ifl^-S^S ^ &7fl SEt>, ^ ^ -H#^-l ^*H*Hf- ^7l^ ^5.E| 
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, £ 1^ 7l#^ A}#-g- ^^q-^ «3<H ifloflAi 7^1 ^ ^^o] 7 >^ 

<91> nv^o]] o)^X\ ^ 2] <£z\o] 3«fl<>l^ 

3. 3%iL*k <r $17} nfl-S-oll, JL4*o.3. ^*HHr *fl-E.£] #*HH£ <^3°-^ t1Me)# °^«> 
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1] 

el-ol^Hl^l^ #^ofl^Hl %-7)s)o] 4^r^ dH^* °^ y ,Hr ^7l^ *fls.iM 

^-71 0l)olE^7> ^olnJcH] nfl C>1 E^ y_ -^Jl-I- ^ «>0> . 

*fll t^l^, *K^*fl cMEliSSti -ilJL^ Sfol^oflxl^ ^^cHl^s- ^ 

*Rr ^12 EM^W^ *fl 2 #^*>7l C-flolE^BSy. «l *1 *8 

#71 *fll ^. 7 ]s\^ t A o V 7 l ^se^o} ^ol^oH^ofl oias]^ C^olE^ 

#7} ^12 §^€^1 -g-7lSl£^-, #71 afll Hfl^l^^l ^91^. m ^ *I12 cflolE^ 

t^eKU^ ^ii ^ ^12 ^sl-tl^ 0 !^* #^*Hr ^12 2fl*l^#; 

#71 2)12 SM^l ^sqjE-S-, #7l ^12 3HeH <=J ^ £1 ^ ^3 *\}4 

C-flojEil- ^Sl-^Al^l ^fl3 ^ *fl4 ^Hl-^l^olE-ll- #^*Kr ^13 Hfl^l^; ^ 

#71 2fll vfl^l ^fl4 ^5^-OlcllolEil- ^GllolE^ £Efe ^dlolElS. ^t}^ #^*>7l 

2] 
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A oM *fll 2fl*l^r#£r 

A oM *fll #^^1 ^7lS)£^., <%7] afll sH^2fl*Hl cq^fl sfl^ ^1 ^0^1- cf 
^-71 *fll ^^^iofl ^7l£)£^- ( #7l A]2 ^}o)B\% sfl^Al7l^ A\l #^2fl*l» ^}^\ 



3] 

^1 2 *<H1 &<>H f 
#71 ^12 efl^l^^ 

^"71 *H2 ^7l£l£^-, #7l ^2 e|-°13 2fl*H Sj*fl efl^^ ^ cfl o] E] » 

ai sfl^Ai^ Aj-71 *m <^e)-<y^oiEis. t^sfe *il3 ^1^*1; ^ 

A>7l *fl2 §^^^1 ^7l£|£^-, #71 *fll #^efl^Hl ^*fl tiMEi-l- Efl^l 

*1^ #7l A}2 ^5}o]CllolEiS. #^«Kr *fi2 #^2fl^ll- ^WlSRr ?A^T ^^'AS *}^r -§-71^1 
oflS-El #*1. 



4] 

#7l ^13 efl^l^r^ 

#7] ^12 ^7l5|£^-, #71 m cflolE^l- Efl^Al7l^ *fl 1 S^o] % gfl ; 
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^ A o v 7l *fi3 #^*H=r ^12 eW3efl*l; ^ 

^12 %-7}S\^, ^-71 *fl4 c-HojE^i- ^-71 *fl4 1 cfl o] ^ S 



5] 

^ l *<H1 5a°H, 

^y>olD]# ^yl§>fe ^^JAS <sRr ^7l^ *||5LE| 



[^T 1 ^ 6] 

SSii ^wH^S. #^*Rf- efloj^Al c| 3* ^-^AS ^7l^ °flS. 
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[3^* 71 



8] 

^-71 *fli ^7ls|£^-, ^-7] afli eM^^H ^«fl 5fl^l€ HH^-I- A 

A] 2fl^Al7l^ *fl2 BW 3 31*1 I 

A o^l afll -S-7lSl£^-, ^71 *fl2 t-HojEil- 5fl^Al7l^ afll #^H(|^; 

^"71 *fl2 #^^1 -^7l£l£^-, Aj-71 ^2 &H^sfl*H £]*fl *U dlolE^ 

ai a 0 v 7 i *fii H^hH^jl #^*Kr A3 ^°l^sfl^l; 
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^ A <M ^12 ^^HeIS. #^H=r A]2 #^efl^l; 

#71 ^12 ^7lS)£^-, ^14 C-flolEil- Sfl^Al^ a o V 7 ] ^4 <g 2}ol ofl o] 

£- #^*Rr ^13 ^ 

A oM ^11 vfl^l ^14 ^^H^* ^OlolE] JE^ 1-^tflolE-lS ^bM^o} ^Z\7] ^ 
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